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© An AB class stage is described which comprises 
two complementary MOSFET final transistors (Qpf, 
Qnf) connected in a push-pull manner between two 
supply terminals ( + Vcc, -Vcc)^ In order to attain high 
linearity, low switching distortion, a high ratio be- 
tween the maximum output current and the rest 
current, independence of the rest current from the 
temperature and manufacturing variables and a cir- 
cuit simplicity, the circuits determining the rest cur- 
rent and those which provide current to the load are 
substantially independent of one another. More par- 
ticularly, two transconductance amplifiers {Tp, Tn) 
are provided which control the final transistors (Qpf, 
Qnf) and are dimensioned so as to have zero output 
current in rest conditions, two voltage generators 
(Vref(Qpf), Vref(Qnf)) which determine the rest cur- 
rent and two resistors (Rp, Rn) being connected 
between the gate electrodes of the final transistors 
and the supply terminals ( + Vcc, -Vcc) 
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The present invention relates io linear amplifi- 
ers and, more particularly, to a class AB output 
amplifier stage which uses final power components 
with complementary field effect transistors (MOS- 
FET) 

in the planning of the class AB output states, 
such as those used in operational power amplifiers, 
it is sought to attain the following characteristics: 

- high linearity, that is, low harmonic distortion; 

- iow distortion owing to the switching between 
one final power component and the other; 

- high ratio between maximum output current 
and rest current; 

- substantial independence of the rest current 
from the temperature and from variations in 
the manufacturing parameters if it is pro- 
duced in an integrated circuit; and 

- circuit simplicity 

Various class AB output amplifier stages with 
complementary MOSFET transistors are known 
which permit one or some of the above characteris- 
tics to be attained, but none of them is able to 
obtain all of them, as would be desirable 

The object of the present invention is to pro- 
pose an output amplifier stage of the type indicated 
above which has all of these characteristics. 

This object is achieved by producing the out- 
put amplifier stage generally defined and charac- 
terised in the first of the claims following the 
present description 

The invention and the advantages derived 
therefrom will become clearer from the following 
description of some of its embodiments given pure- 
ly by way of non-limiting example with reference to 
the appended drawings in which: 

- Figure 1 is a basic circuit diagram, partially in 
block form, of a class AB output stage ac- 
cording to the invention; 

- Figure 2 is a basic circuit diagram showing a 
variant of the diagram of Figure 1; and 

- Figures 3, 4 and 5 are circuit diagrams of 
three embodiments of the output stage in 
class AB according to the invention 

In Figure 1, two power MOSFET transistors 
that is, MOS-type field effect transistors, are in- 
dicated Qpf and Qnf They are complementary to 
one another, more precisely, the first is a p-channel 
transistor and the second is an n-channel transistor, 
and are connected in push-pull manner as final 
components of an AB class output amplifier stage. 
The drain electrodes of the two transistors are 
connected to one another and constitute the output 
terminal, indicated OUT, of the stage and the 
source electrodes are connected to a first, positive 
terminal indicated +Vcc and to a second, negative 
terminal indicated -Vcc of a voltage supply, respec- 
tively. The output terminal OUT is connected by 
means of a toad Zo to a reference terminal, repre- 



sented by the earth symbol, which is at an inter- 
mediate potential relative to the potentials of the 
terminals + Vcc and -Vcc 

Two differential-type transconductance arnpttfi- 

s ers, designated Tp and Tn, have their respective 
output terminals connected to the gate electrodes 
of the transistors Qpf and Qnf respectively, the 
respective inverting input terminals connected to 
one another so as to form the input terminal, des- 

w ignated IN, of the stage, and the respective non- 
inverting input terminals each connected to the 
output terminal OUT by means of respective feed- 
back systems, indicated Fp and Fn respectively. 
Two voltage generators, indicated Vref(Qpf) 

75 and Vref(Qnf) are each connected by means of a 
respective resistor Rp and Rn between the gate 
electrodes of the transistors, Qpf and Qnf respec- 
tively and the supply terminals +Vcc and -Vcc 
respectively 

20 The transconductance amplifiers Tp and Tn 

and the feedback systems Fp and Fn are dimen- 
sioned such that the output current of the transcon- 
ductance amplifiers is substantially zero in rest 
conditions, that is, with the respective inputs at the 

25 same voltage. The voltage generators Vref(Qpf) 
and Vref<Qnf) are dimensioned such that, in the 
same rest conditions, the voltages between the 
gate and source electrodes of the transistors, Qpf 
and Qnp respectively, are such that they cause 

30 current of a predetermined value, substantially 
equal for both transistors, which is the rest current 
of the stage, to pass In these conditions, no cur- 
rent is supplied to the load Zo and no current 
passes through the resistors Rp and Rn 

35 Any change in these conditions, by virtue, for 

example, of the application of a signal between the 
input terminal IN and earth, causes an imbalances 
in both amplifiers Tp and Tn and, therefore, causes 
the passage of currents Itoutp and Itoutn of op- 

AO posite signs in the output terminals of both amplifi- 
ers and through the resistors connected thereto, Rp 
and Rn respectively The voltage drops at the 
resistors Rp and Rn in turn cause variations of an 
opposite sign in the voltages Vgs between the gate 

45 and source of the final transistors, Qpf and Qnf 
respectively Consequently, there are correspond- 
ing variations in the conduction of the two transis- 
tors and thus variations of opposite signs in the 
respective drain currents Idp and Idn and the pas- 

so sage of an output current lout through the load Zo 
which is equal to the difference between the drain 
currents of the two transistors. 

When dimensioning the circuit, it should be 
borne in mind that, if Vgsmax(Qpf) and Vgsmax- 

55 (Qnf) are the voltages between the source and 
drain of the two transistors enabling the maximum 
drain currents to be obtained, Itmax(Tp) and Itmax- 
(Tn) are the maximum output currents of the two 
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transconductance amplifiers, Rp and Rn represent 
the resistances ot the resistors shown with the 
same reference symbol, and Vref(Qpf) and Vref- 
(Qnf) represent the voltages of the voltage gener- 
ators indicated by the same reference symbol, the 
following conditions should be respected: 

Itmax(Tp)* Rp + Vref (Qpf )£Vgsmax(Qpf) and 
Itmax(Tn)* Rn + Vref (Qnf)£ Vgsmax(Qnf) 

Furthermore, the amplifiers Tp and Tn should 
have transconductance values Gmp f Gmn such that 
the system is stable for a given feedback system 
and for given characteristics of the final transistors 
Qpf and Qnf and of the load Zo 

Preferably, the stage is produced symmetri- 
cally, that is, with its parts and its components 
marked p equal and complementary to the parts 
and components marked n 

It should be used that the feedback systems 
Fp and Fn, which are used for determining the gain 
of the stage and for rendering the circuit more 
stable and more linear, could in some applications 
be omitted and in their place suitable reference 
voltage generators could be used for application to 
the inverting terminals of the amplifiers Tp and In.. 
Furthermore, instead of two different feedback sys- 
tems, a single system could be provided which is 
common to the two transconductance amplifiers 

An example of a simple common feedback 
system is shown in Figure 2 where, as a single 
variant relative to Figure 1 , the non-inverting termi- 
nals of the ampjifiers Tp and Tn are connected to 
one another and to the intermediate node of a 
voltage divider^ formed by two resistors, indicated 
Rf 1 and Rf2 f connected between thB output termi- 
nal OUT and the earth, The ratio between the 
resistances of the two resistors determines the gain 
of the stage. 

In the embodiment shown in Figure 3, in which 
the same reference numerals as used in Figure 2 
indicate identical or equivalent elements, the first 
transconductance amplifier Tp, that is, the one 
which controls the final p-channel transistor, Qpf, is 
a differential circuit formed by a pair of n-channe! 
MOSFET transistors arranged with common sour- 
ces, indicated Qndt and Qnd2 and by a first con- 
stant current generator ip connected between the 
common source electrodes and the supply termi- 
nals -Vcc The drain electrode of the transistor 
Qnd2 is connected to the supply terminal +Vcc 
and that of the transistor Qndl is the output termi- 
nal of the first transconductance amplifier and is 
therefore connected to the gate electrode of the 
final transistor Qpf in an entirely symmetrical man- 
ner, the second transconductance amplifier Tn, 
which is the one controlling the final n-channe) 



transistor, Qnf, is formed by a pair of p-channel 
MOSFET transistors arranged with common sour- 
ces, indicated Qpd1 and Qpd2, and by a second 
constant current generator In connected between 

5 the common source electrodes and the feed termi- 
nal + Vcc The drain electrode of the transistor 
Qpd2 is connected to the supply terminal -Vcc and 
that of the transistor Qpd1 is the output terminal of 
the second transconductance amplifier and is 

jo therefore connected to the gate electrode of the 
final transistor Qnf 

The gate electrodes of the transistors Qnd2 
and Qpd2 are the non-inverting terminals of the two 
transconductance amplifiers and are therefore both 

is connected to the feedback system Rf1, R?2 and the 
gate electrodes of the transistors Qnd1 and Qpd1 
are the inverting terminals of the same amplifiers 
and are connected to the input terminal IN of the 
stage 

20 in this example, the reference voltage gener- 

ators for determining the rest current of the stage 
consist* respectively, of the resistor Rp and of the 
series connection of the transistors Qnd1 and of 
the constant current generator Ip, as regards the 

25 polarisation of the final transistor Qpf, and of the 
resistor Rn and the series connection of the tran- 
sistor Qpd1 and of the constant current generator 
In, as regards the polarisation of the final transistor 
Qnf The transconductance amplifiers and the refer- 

30 ence voltage generators have components in com- 
mon such that it is not possible to show them 
separately as, for example, in Figure 2 

The currents Ip and In of the two constant 
current generators, indicated by the same refer- 

35 ence of the respective generators, should satisfy 
the following conditions: 

Ip = N*Vref(Qpf)/Rp and 
In = N. Vref (Qnf )/Rn 

40 

in which N is a number which depends on the 
dimensional ratio between the transistors of the two 
differential pairs, and Vref(Qpf) and Vref(Qnf) are 
the voltages which are to be applied between the 

45 gate and source of the final transistors Qpf and Qnf 
in order to attain the rest current The dimensional 
ratio between the transistors, and therefore the 
number N, is determined by taking account of the 
maximum gate-source voltage Vgsmax of the final 

so transistors, that is, that which corresponds to the 
maximum drain current When considering the up- 
per section of the circuit, if Vgsmax(Qpf}£2- Vref- 
(Qpf), the transistors Qnd1 and Qnd2 can have 
equal areas: in fact, in these conditions, at rest, the 

ss current Ip is divided into equal parts between Qnd1 
and Qnd2, such that Vref(Qpf)-^!p* Rp whilst, with 
the differential amplifier completely unbalanced, the 
voltage drop at Rp is Vgsmax = lp«Rp. 
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If, on the other hand, Vgsmax(Qpf)£2Vref(Qpf), 
the area of Qnd1 should be correspondingly small- 
er than that of Qnd2 For example, if Vref(Qpf)- 
/Rp = 11 *Vgsmax(Qpf)/Rp, the area of the transistor 
Qnd1 should be one tenth of that of Qnd2 and Ip 
= 1 1 • Vref(Qpf)/Rp Similar considerations apply 
for the lower section of the circuit 

In the embodiment of Figure 4, the reference 
voyage generators Vref(Qpf) and Vref(Gnf) are 
formed by two MOSFET transistors, one, Indicated 
Qpref, being p-channel and the other, indicated 
Qnref, being n-channel, with the respective gate 
and drain electrodes connected together at the two 
terminals of a constant current generator, indicated 
Iref, and the respective source electrodes con- 
nected respectively to the positive terminal *Vcc 
and to the negative terminal -Vcc of the voltage 
supply The transconductance amplifiers Tp and Tn 
are differential amplifiers each comprising a pair of 
MOSFET transistors arranged with common sour- 
ces.. The amplifier Tp comprises two n-channel 
transistors Q1 and Q2, with the source electrodes 
connected to the terminal -Vcc by means of a 
constant current generator tp' and two p-channel 
transistors, Q3 and Q4, connected as load ele- 
ments between the drain electrodes of Q1 and Q2 
and the terminal +Vcc and forming a current mir- 
ror circuit As the output terminal of the amplifier 
Tp, the drain electrode of Q1 is connected to the 
gate electrode of the transistor Qpf and to a termi- 
nal of the resistor Bp The amplifier Tn is formed in 
an entirely similar but complementary manner to 
the amplifier Tp and comprises common source p- 
channel transistors Q5, Q6 r a constant current gen- 
erator In' and current mirror load n-channel transis- 
tors, Q7 and Q8. 

In the embodiment of Figure 5, the reference 
voltage generators Vref(Qpf) and Vref(Qnf) are 
identical to those described in relation to Figure 4, 
however, the transconductance amplifiers Tp and 
Tn are separate and connected to one another 
More particularly, the two transconductance amplifi- 
ers are formed of a circuit structure of a differential 
type in which the components cannot be consid- 
ered as belonging exclusively to one or other am- 
plifier but the operating diagram is still that of 
Figure 2 The differential structure comprises a first 
circuit branch comprising two MOSFET transistors 
Q1 and Q3 r the first being n-channet and the sec- 
ond being p-channei, connected by their gate elec- 
trodes to the respective drain electrodes, with the 
source electrodes joined together so as to form an 
inverting input terminal IN- of the differential circuit 
and with the drain electrodes connected to the 
positive terminal +Vcc and to the negative terminal 
-Vcc of the supply respectively by means of re- 
spective constant current generators G1 and G2 
The differential structure also comprises a second 



circuit branch with two MOSFET transistors Q2 and 
Q4, the first being n-channel and the second being 
p-channel, with their source electrodes connected 
together so as to form a non-inverting input termi- 

s nal IN + of the differential circuit, their gate elec- 
trodes connected to the gate electrodes of the 
transistors Q1 and Q3 respectively, and their drain 
electrodes connected respectively to the positive 
supply terminal +Vcc through a p-channel MOS- 

io FET iransistor Q5 having the gate electrode con- 
nected to the drain electrode and to the negative 
supply terminal -Vcc via the n-channel MOSFET 
transistor Q8, connected as the transistor Q5 Two 
p-channel transistors, Q6 and Q7, and two n-chan- 

75 nel transistors, Q9 and Q10, are connected to the 
transistors Q5 and Q8> respectively, in a current 
mirror configuration The drain electrode of the 
transistor Q6 is connected to the gate electrode of 
the final n-channef transistor Qnf and the drain 

20 eiectrode of the transistor Q7 is connected to the 
gate electrode of the final p-channel transistor Qpf 
Similarly, the drain electrodes of the transistors Q9 
and QtO are connected to the gate electrodes of 
Qpf and Qnf respectively. The input terminals of 

25 the differential structure, if necessary, are con- 
nected to suitable polarisation means, not shown It 
should be noted that, in this embodiment, the input 
signal is applied between the two input terminals 
IN- and IN + and that no feedback system is pro- 

30 vided between the input and the output of the 
stage 

The operation of the circuit of Figure 5 will now 
be considered, At rest, that is, when there is no 
signal between the input terminals IN- and IN + , a 

35 current determined by the two current generators 
G1 and G2 passes through the transistors Q1 and 
Q3 The same current which passes through Q1 
and Q3 also passes through the transistors Q2 and 
Q4 if they are dimensionaily equal to the respective 

40 transistors Q1 and Q3 This same current passes 
both through the transistor Q5, and is reflected in 
the transistors Q6 and Q7, and the transistor QB F 
and is reflected in the transistors Q9 and Q1Q. 
Since the current passing in Q6 is equal to the 

45 current passing in Q10, no current passes through 
the resistor Rn and the voltage at the gate elec- 
trode Qnf is the reference voltage determined by 
the reference voltage generator Vref(Qnf), formed 
by the transistor Qnref and by the constant current 

sa generator iref Similarly, since the current passing 
in Q9 is equal to the current passing in Q7, no 
current passes through the resistor Rp and the 
voltage at the gate electrode of Qpf is the refer- 
ence voltage determined by the reference voltage 

55 generator Vref(Qpf), formed by the transistor Qpref 
and by the constant current generator Iref- There- 
fore, the same current, that is, the rest current, 
passes through the final transistors Qpf and Qnf, 
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and no current passes through the load Zo 

An imbalance of the differential circuit owing to 
the application of a signal between the two input 
terminals IN- and IN + , will now be considered, for 
example in the case in which the potential at the 
input terminal IN+ is greater than that at the input 
terminal IN- This imbalance causes an increase in 
the current in Q4 and a reduction of the current in 
Q2 and, therefore, an increase in the currents in 
G8, Q9 and Q10 and a reduction of the currents in 
QS. Q8 and Q7 Owing to the different currents in 
Q6 and in Q10 and of the different currents in Q9 
and Q7, respective different currents will pass in 
the resistors Rn and Rp, such that the voltage 
between the gate and source electrodes of the 
transistor Qpf, Vgs(Gpf), increases relative to the 
reference voltage Vref(Qpf) and that of Qnf de- 
creases relative to the reference voltage Vref(Qnf), 
Therefore, the currents passing through the two 
final transistors are also different, such that a cur- 
rent, which is the difference between the currents 
of the two final transistors, passes through the load 
Zo 

From a practical analysis of the different em- 
bodiments described above, it is noted that the 
output amplifier stage according to the invention 
has high linearity and low distortion when switching 
between one final transistor and the other since 
there is no discontinuity in the command of the 
final transistors and since the circuits determining 
the rest current and the circuits supplying the re- 
quired current to the load function substantially 
independently of one another. This further enables 
a high ratio to be obtained between the maximum 
output current and the rest current, since the rest 
current can be set with great precision at very low 
values and the dynamics of the final components 
are not limited at ail by the control circuit The 
dependence on the temperature and on the vari- 
ations in the parameters of the process can also be 
limited to a great extent by virtue of the possibility 
of compensation deriving from the total symmetry 
of the control circuits of the two complementary 
final components Finally, the simplicity of the cir- 
cuit is evident and therefore the stage according to 
the invention lends itself to production in integrated 
circuits with very restricted areas 

Although only some embodiments of the inven- 
tion have been illustrated and described, it is evi- 
dent that numerous variations and modifications are 
possible within the scope of the same inventive 
concept. For example, the transconductance am- 
plifiers could be produced with bipolar transistors 
instead of with MOSFET transistors and the resis- 
tors Rp and Rn could be resistive means having 
substantially the structure of MOSFET transistors 
with the drain and gate electrodes short-circuited; 
furthermore, two power components each compris- 



ing more than one transistor could be provided in 
the place of the MOSFET power transistors Qpf 
and Qnf.. 

s Claims 

1, A class AB output amplifier stage comprising a 
first and a second field effect transistor power 
component (Qpf, Qnf) which are complemen- 

70 tary to one another, each having a first and a 

second power electrode and a control elec- 
trode, and being connected, in push-pull man- 
ner relative to one another, by the respective 
first power electrodes to a first ( + Vcc) and to 
is a second (-Vcc) terminal of a voltage supply 

respectively, and the second power electrodes 
connected to one another and to an output 
terminal of the stage (OUT), characterised in 
that it comprises; 
20 - a first (Tp) and a second (Tn) transcon- 

ductance amplifier each having an output 
terminal connected to the control elec- 
trode of the first (Qps) and of the second 
(Qnf) power component respectively and 
25 an input terminal connected to the input 

terminal of the other transconductance 
amplifier, so as to form an input terminal 
(IN) of the stage, and being dimensioned 
so as to have an output current which is 
30 substantially zero in rest conditions; 

- a first (Vref(Qpf)) and a second (Vref- 
(Qnf)) voltage generator connected to the 
control electrode of the first (Qpf) and of 
the second (Qnf) power component re- 

35 spectively> the voltages of these gener- 

ators being selected so as to determine 
currents which are substantially equal 
through the first and second power com- 
ponents in rest conditions of the stage; 

m and 

- a first (Rp) and a second (Rn) resistive 
means connected between the control 
electrode of the first (Qpf) and of the 
second (Qnf) power component respec- 
ts trvely and the first ( + Vcc) and the sec- 
ond (-Vcc) terminal of the voltage supply 
respectively. 

2, A stage according to Claim 1 , in which each of 
so the transconductance amplifiers (Tp ( Tn) com- 
prises an inverting input terminal which is the 
above input terminal connected to the input 
terminal (IN) of the stage and a non-inverting 
input terminal, and in which the non-inverting 

56 input terminal of each of the transconductance 

amplifiers (Tp, Tn) is connected to a respective 
reference voltage generator 



5 



9 



EP 0 6B4 698 A1 



10 



3. A stage according to Claim 2, rn which the 
reference voltage generators consist of respec- 
tive feedback systems (Fp, Fn) connected to 
the output terminal (OUT) of the stage. 

5 

4. A stage according to Claim 2, in which the 
reference voltage generators consist of a com- 
mon feedback system (RF1, RF2) connected 
to the output terminal (OUT) of the stage. 

to 

5. A stage according to Claim 4, in which a 
reference terminal is provided which is com- 
mon to the input and to the output of the 
stage, and in which: 

- the first and the second power compo- is 
nents consist of a first (Qpf) and of a 
second (Qnf) field effect power transistor 
being p-channe! and n-channel respec- 
tively, thB first and the second power 
electrode being the source and drain 20 
electrodes respectively and the control 
electrode being the gate electrode; 

- the first transconductance amplifier (Tp) 
comprises a first pair of n-channel field 
effect transistors (Qnd1, Qnd2) in com- 25 
rnon source arrangement and a first cur- 
rent generator (lp) connected between 

the common source electrodes and the 
second supply voltage terminal (-Vcc), 
the drain of one (Gnd2) of the transistors oo 
of the first pair being connected to the 
first supply terminal ( + Vcc) and the 
drain of the other transistor (Gnd1) of the 
first pair being the output terminal of the 
first transconductance amplifier (Tp); 35 

- the second transconductance amplifier 
(Tn) comprises a second pair of p-chan- 
nel field effect transistors (Qpdl, Qpd2) 
in the common source arrangement and 

a second current generator (in) connect- to 
ed between the common source elec- 
trodes and the first supply terminal 
( + Vcc), the drain of one (Qpd2) of the 
transistors of the second pair being con- 
nected to the second supply terminal (- as 
Vcc) and the drain of the other (Qpd1) of 
the transistors of the second pair being 
the output terminal of the second tran- 
sconductance amplifier (Tn), the gate 
electrodes of the transistors of the first so 
and of the second pair being connected 
to one another in pairs, so as to form the 
above inverting terminal, which is the in- 
put terminal (IN) of the stage, and the 
said non-inverting terminal; 55 

- the first resistive means is a first resistor 
(Rp) connected directly between the gate 
electrode of the first power transistor 



(Qpf) and the first supply terminal 
(-i-Vcc) and the first current generator 
(lp) constitutes, together with the first re* 
sister (Rp), the first reference voltage 
generator (Vref(Qpf)); 

- the second resistive means is a second 
resistor (Rn) directly connected between 
the gate electrode of the second power 
transistor (Qnf) and the second supply 
terminal (-Vcc) and the second current 
generator (In) constitutes, iogether with 
the second resistor (Rn), the second ref- 
erence voltage generator (Vref(Qnf)); and 

- the feedback system comprises a volt- 
age divider (Rf1 t Rf2) connected be- 
tween the output terminal (OUT) of the 
stage and the common reference termi- 
nal and having the intermediate node 
connected to the common gate elec- 
trodes of the transistors (Qnd2, Qpd2) of 
the two transconductance amplifiers 
which constitute the non-inverting termi- 
nal 

6, A stage according to Claim 4, in which: 

- the first resistive means is a first resistor 
(Rp) connected to the first supply termi- 
nal ( + Vcc) via a first p-channel field ef- 
fect reference transistor (Qpref) having 
common drain and gate electrodes and 
the second resistive means is a second 
resistor (Rn) connected to the second 
supply terminal (-Vcc) via a second n- 
channel field effect reference transistor 
(Qnref) having common drain and gate 
electrodes, a reference current generator 
(Iref) being connected between the com- 
mon gate and drain electrodes of the first 
reference transistor and the common 
gate and drain electrodes of the second 
reference transistor, so as to form the 
first and the second voltage generators 
(Vref(Qpf), Vref(Gnf)) together with the 
first and second reference transistors 
(Qpref, Qnref) 

7. A stage according to Claim 6, in which the first 
and the second transconductance amplifiers 
(Tp, Tn) comprise a first and a second dif- 
ferential amplifier 

8„ A stage according to Claim 7, in which: 

- the first differential amplifier (Tp) com- 
prises a first pair of n-channel field effect 
transistors (Q1, Q2) in the common 
source configuration, a constant current 
generator (lp) connected between the 
common source electrodes and the sec- 
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ond supply terminal (-Vcc) and a second 
pair of p-channel field effect transistors 
<Q3, Q4) connected as load elements 
between the drain electrodes of the tran- 
sistors of the first pair (Q1 , Q2) and the 5 
first supply terminal ( + Vcc) and con- 
nected between each other in the current 
mirror configuration; and 

- the second differential amplifier (Tn) 
comprises a third pair of p-channet field w 
effect transistors (Q5, 06} in the common 
source configuration, a constant current 
generator (In) connected between the 
common source electrodes and the first 
supply terminal ( + Vcc) and a fourth pair 75 
of n-channel field effect transistors {Q7, 

Q8) connected as load elements between 
the drain electrodes of the transistors of 
the third pair (G5, Q6) and the second 
supply terminal {-Vcc} and connected to 20 
one another in the current mirror configu- 
ration. 

9„ A stage according to Claim 1, in which the first 

resistive means is a first resistor (Ftp) con- 25 
nected to the first supply terminal { + Vcc) via a 
first p-channel field effect transistor {Qpref) 
having common drain and gate electrodes and 
the second resistive means is a second resis- 
tor (Rn) connected to the second supply termi- 30 
nal {-Vcc) via a second n-channel field effect 
reference transistor (Qnref) having common 
drain and gate electrodes, a reference current 
generator (Iref) being connected between the 
common drain and gate electrodes of the first 35 
reference transistor and the common drain and 
gate electrodes of the second reference tran- 
sistor, so as to form the first and second 
voltage generators (Vref(Qpf), Vref(Qnf)) to- 
gether with the first and second reference tran- 40 
sistors (Qpref, Qnref).. 

1 0. A stage according to Claim 9, in which the first 
and the second transconductance ampJifiers 
(Tp, Tn) are formed in a differential structure 45 
comprising: 

- a first circuit branch inserted between the 
first ( + Vcc) and the second (-Vcc) sup- 
ply terminals and comprising, in series 
relative to each other, a first constant so 
current generator (G1) with a terminal 
connected to the first ( + Vcc) supply ter- 
minal, a first n-channel field effect tran- 
sistor (Q1) with the drain electrode con- 
nected to the gate electrode, a second p- ss 
channel field effect transistor (Q3) with 

the drain electrode connected to the gate 
electrode, and a second constant current 



generator (G2) with a terminal connected 
to the second supply terminal (-Vcc), the 
source electrodes of the first (Q1) and 
second (Q3) transistors being connected 
to one another so as to form the inverting 
input terminal of the differential structure 
which constitutes the said input terminal 
(IN) of the stage; 

- a second circuit branch comprising a 
third and a fourth field effect transistors 
{Q2, Q4), the first being n-channel and 
the second being p-channel, with their 
source electrodes connected together so 
as to form a non-inverting input terminal 
(IN + ) of the differential structure which 
constitutes a further input terminal of the 
stage, with the respective gate elec- 
trodes connected to the gate electrodes 
of the first (Q1) and of the second (Q3) 
field effect transistors of the first branch 
respectively and with the respective drain 
electrodes connected to the common 
drain and source electrodes of a fifth and 
a sixth field effect transistor, respectively, 
p-channel (Q5) and n-channel (Q8) hav- 
ing respective source terminals connect- 
ed to the first ( + Vcc) and to the second 
(-Vcc) supply terminal respectively; 

- a first pair of p-channel field effect tran- 
sistors {Q6» Q7) having the gate elec- 
trodes connected to the gate electrodes 
of the fifth field effect transistor (Q5), the 
source electrodes connected to the first 
supply terminal (*Vcc) and the drain 
electrodes connected one to the control 
electrode of the second power compo- 
nent (Qnf) and the other to the control 
electrode of the first power component 
(Qpf); and 

- a second pair of n-channel field effect 
transistors (Q9, Q10) having the gate 
electrodes connected to the gate elec- 
trode of the sixth (Q8) field effect transis- 
tor, the source electrodes connected to 
the second supply terminal (-Vcc) and 
the drain electrodes connected one to 
the control electrode of the first power 
component (Qpf) and the other to the 
control electrode of the second power 
component (Qnf). 
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